Background Although previous studies have focused on determining prognostic and causative variables associated with fistula-related complications after head and neck reconstructive surgery, only a few studies have addressed preventive measures. Noting that pooled saliva complicates wound healing and precipitates fistula-related complications, we devised a continuous suction system to remove saliva during early postoperative recovery. Methods A continuous suction system was implemented in 20 patients after head and neck reconstructive surgery between January 2012 and October 2017. This group was compared to a control group of 16 patients at the same institution. The system was placed orally when the lesion was on the anterior side of the retromolar trigone area, and when glossectomy or resection of the mouth floor was performed. When the orohypopharynx and/or larynx were eradicated, the irrigation system was placed in the pharyngeal area. Results The mean follow-up period was 9.2 ± 2.4 months. The Hemovac system was applied for an average of 7.5 days. On average, 6.5 days were needed for the net drain output to fall below 10 mL. Complications were analyzed according to their causes and rates. A fistula occurred in two cases in the suction group. Compared to the control group, a significant difference was noted in the surgical site infection rate (P < 0.031). Conclusions Clinical observations showed reduced saliva pooling and a reduction in the infection rate. This resulted in improved wound healing through the application of a continuous suction system.
INTRODUCTION
With advancements in microsurgery and medicine, many centers perform reconstructive surgery after the eradication of head and neck cancers [1] [2] [3] . A consensus has nearly been reached on the surgical method and the types of flaps and vessels that Incorporating a continuous suction system as a preventive measure against fistula-related complications in head and neck reconstructive surgery should be utilized for head and neck reconstruction, and the success rates of these procedures have been increasing. However, despite improvements in microsurgical methods and techniques, the rates of fistula formation have not meaningfully improved [4] [5] [6] [7] [8] [9] . Fistula formation after head and neck reconstruction begins with wound healing complications, and fistulas ultimately lead to increased morbidity and mortality [2, 4, 7, 8, 10] . Although not every patient with a fistula experiences a longer hospital stay or a delay in subsequent medical treatment, it is necessary to address this issue due to the poor quality of life and overall discomfort that patients may endure after head and neck reconstruction.
Thus far, studies have addressed the causes and risk factors of fistula formation. In addition, flap choices and suture methods have been evaluated [1] [2] [3] 7, [10] [11] [12] [13] [14] . In most of the studies, large numbers of patients were evaluated to identify statistical correlations between various prognostic and causative factors and fistula formation. Previous studies have shown primary tumor stage, preoperative radiotherapy status, duration of surgery, and delayed wound healing to be risk factors of fistula formation [1, 3, 9, 15, 16] . However, only a few studies have addressed the methods used to reduce risk factors associated with fistula formation, such as delayed wound healing.
Another well-studied risk factor predisposing patients to fistula formation is surgical site infection. In a recent series of 504 free flaps, methicillin-resistant Staphylococcus aureus (MRSA) was shown to be associated with a higher likelihood of postoperative fistula formation [17] . Poor oral hygiene is also a significant contributor to the development of wound complications [18] . We observed that a pool of saliva forms in the oral and hypopharyngeal areas as a result of postoperative edema, tongue retrusion, and hypopharyngeal collapse. This pooled saliva may precipitate fistula formation in patients with poor oral hygiene and exacerbate surgical site infection, causing the wound healing process to deteriorate further. Moreover, salivary leakage through the fistula tract during the postoperative period exposes the carotid to the enzymatic action of saliva and increases the risk of devastating carotid blowout [19] .
Therefore, we hypothesized that elimination of this saliva pool would help maintain oral hygiene and reduce the risk factors associated with fistula formation, such as delayed wound healing.
To eliminate pooled saliva, a continuous suction system with a Hemovac tube was devised and placed in the oral and/or nasohypopharyngeal area of patients who underwent head and neck reconstruction. This patient group was compared to a control group who underwent reconstruction after head and neck surgery without placement of the system. By comparing the clinical outcomes between these two groups, we aimed to evaluate the efficacy of this system.
METHODS

Patients
The study was approved by the Institutional Review Board (IRB No. 4-2018-0402) . In this retrospective study, we reviewed the medical records of 20 patients in whom the Hemovac irrigation system was placed after head and neck reconstructive surgery between January 2012 and October 2017. The medical records of these patients were compared to those of 16 patients who underwent surgery in the same period without the irrigation system. The types of flaps used were restricted to the anterolateral thigh flap, rectus musculocutaneous flap, and fibular osteocutaneous flap. All reconstructive operations were performed at a single institution. Both groups received routine general care after surgery, including tracheostomy, L-tube insertion, medical treatment, and other conservative measures.
Continuous suction system setting
Since the saliva pools were in the oral or pharyngeal areas, the system was divided into an oral setting and pharyngeal setting. The selection of which setting to apply was based on whether pharyngeal reconstruction was performed. The irrigation system was placed orally when the reconstructed lesion was on the anterior of the retromolar trigone area, and in cases in which glossectomy or resection of the mouth floor was performed. When the orohypopharynx and/or larynx were eradicated, the irrigation system was placed in the pharyngeal area. We used a Hemovac tube, as it is routinely used and easy to obtain. We used a soft silicone Hemovac tube with a 4.8-mm outer diameter and a 2.8-mm inner diameter (Barovac 400, PS type; Sewoon Medical, Seoul, Korea). The tube was set in a Ushape configuration when placed in the oral setting. For pharyngeal suction, the tube was placed in the hypopharynx via the nose, similar to the procedure for L-tube insertion. The tube was placed 2 cm away from the margin of the flap to avoid irritating the sutured flap margin. The eyelets of the Hemovac tube were stationed within the nostril or oral cavity (Fig. 1) , since suction is ineffective when eyelet holes are exposed. The tube was anchored on gingival mucosa between the first premolar and canine teeth after the tube was placed in a U-shaped manner by using Vicryl 3-0 sutures (Fig. 2) . In the pharyngeal setting, the tube was affixed to the columella using the same sutures. When placing the tube in the oral setting in a supine position, the tube base was positioned anterior to the posterior of the tongue base to prevent tube collapse upon tongue retrusion and swelling. If a tube is buried by a retruded tongue, the eyelet holes of the tube become exposed to the lateral side of the tongue, leading to pooling of saliva at the center of the oral cavity. This pooled saliva could leak via the sutures in the retromolar area and flow into the pharyngeal area. When necessary, a bite block was placed orally. After the placement of a continuous suction tube, proper functioning was checked by irrigating the wound with saline. After surgery, the patient was transferred to the intensive care unit (ICU) with the tube fixed in place. Soon after the patient arrived in the ICU, a member of the medical personnel connected the tube to a Hemovac container via a connecting tube. The Hemovac container was then connected to the wall suction with an extension tube made of polyvinyl chloride (Fig. 3) . Wall suction power was maintained at 30 to 40 mm Hg. Irrigation with distilled water or saline was performed to remove sediment and to prevent clogging. A member of the medical personnel performed this procedure by squirting 10 to 20 mL of distilled water into the mouth or nose on an hourly basis (Fig. 4) .
The nurses and doctors performed irrigations during routine visits to check vital signs, administer medicines, and control the ventilators. Patients who recovered quickly performed self-irrigation. Owing to the simplicity of the procedure, irrigation did not add much to the workload of the medical staff.
The continuous suction system was applied in the oral setting in nine cases, and in both the oral and pharyngeal settings in nine cases. When the defect site also involved the hypopharynx and/or oropharynx, the pharyngeal setting was added (Fig. 5) . If hemiglossectomy was performed, only the oral setting was used; however, if a total glossectomy was performed, the pharyngeal setting was used in addition to the oral setting.
Statistical analysis
Statistical analysis was performed using IBM SPSS version 23.0 (IBM Corp., Armonk, NY, USA). The mean and standard deviation of parameters were calculated. Continuous data were analyzed by the independent-samples 2-tailed t-test. The Fisher exact or Pearson chi-square test was used for categorical data. Pvalues < 0.05 were considered to indicate statistical significance.
Fig. 1. Application of the Hemovac tube
Application of the Hemovac tube in (A) the pharyngeal setting and (B) the oral setting. The eyelet holes of the tube must be placed within the nostril or the mouth for effective suction.
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The tube was positioned in a U-shape configuration in the oral setting. The base of the U-shaped tube should not be positioned too far back.
Fig. 2. Tube in the oral setting
RESULTS
The clinical characteristics of the patients, including pathologic lesions, diagnosis, and type of continuous suction setting applied, are shown in Table 1 . There were 11 male and nine female patients who ranged in age from 28 to 81 years. The pathologic lesions were classified into the following location categories: oral cavity (oromandibular or buccal area), oropharynx, tongue, hypopharynx, and larynx. Some lesions were extended and combined. In patient #2, tongue cancer extended into the upper hypopharynx. Hypopharyngeal cancers extended to the base of tongue and oropharynx in patients #10 and #15. Hypopharyngeal reconstruction for partial defects was performed in four patients, and oropharyngeal reconstruction was performed in six patients.
All reconstructions were performed with a single free flap, and the most commonly used flap was the anterolateral thigh flap (used in 17 cases). The other flaps used were the fibular osteocutaneous flap (in one case) and the rectus musculocutaneous flap (in two cases). This was similar to the non-suction group, where the anterolateral thigh flap was used in the majority of 
. Configuration of the irrigation system
The tube in the oral and/or pharyngeal setting was connected to an evacuator container, which was connected to wall suction via a pouring spout. PVC, polyvinyl chloride.
Irrigation with distilled water in the intensive care unit. Hourly water irrigation was required to prevent sediment from clogging the tube.
Fig. 4. Wound care with distilled water irrigation
A radial forearm free flap was used to reconstruct the soft palate, tonsil, and lateral pharyngeal wall defect. Two tubes were placed in the posterior oropharyngeal wall. The tube on the patient's left was a L-tube (arrowhead), and the tube with holes on the patient's right was a continuous irrigation tube (arrow). The tube extended to the hypopharynx where the saliva pooled when the patient was lying in the supine position. cases (11/16). There was no statistically significant difference between the two groups in the types of flaps used. All the flaps used the superior thyroidal artery as the recipient artery. The pectoralis major musculocutaneous flap was used in two revision cases in the suction device group, and in three revision cases in the non-suction group. In the suction device group, one of the revision cases involved total necrosis of the initial free flap, and the other involved partial necrosis of the initial irradiated neck flap without any problem with the reconstructed free flap. Eight patients underwent reconstruction due to cancer recurrence; for five of these eight patients, it was their second operation. The time between the first and second operations ranged from 10 months to 16 years. Five patients received radiotherapy before the operation. One patient received neoadjuvant radiotherapy, whereas four patients received postoperative radiotherapy. Robotic surgery was performed in four patients. No baseline clinical variables showed a statistically significant difference between the two groups ( Table 2 ).
In the suction device group, the mean lengths of the hospital and ICU stays were 26.25 ± 15.71 and 3.35 ± 0.99 days, respectively. In the non-suction group, the mean lengths of the hospital and ICU stays were 43.75 ± 22.97 and 5.13 ± 7.19 days, respectively. The difference in hospitalization duration was statistically significant (P = 0.010). This difference was in part due to the inclusion of two cases of donor skin graft loss in the nonsuction group, which required an additional skin graft procedure for wound coverage. In addition, one case of carotid rupture and one case of infection that eventually caused pneumonia substantially prolonged the hospitalization time in the non-suction group. The average number of days for the net drain output to fall below 10 mL was 6.50 ± 2.80 days in the suction group and 8.73 ± 1.75 days in the non-suction group (P = 0.010). Effective elimination of pooled saliva, along with fewer wound problems, may have led to a lower amount of drainage in the suction group. Amylase concentrations in the wound drainage fluids, which were collected in sterile tubes, were measured. The mean amylase concentration in the drainage fluid was 1,315.50 IU and 1,685.40 IU on day 3 after the operation in the suction and nonsuction groups, respectively (Table 3) .
Complications were analyzed according to their causes and rates. Patient #1 received robotic hemiglossectomy through a face-lift incision. Reconstruction was difficult for this patient due to limited access to the surgical field. A partially necrotizing lesion led to dehiscence of the wound, and saliva leaked through this site. The leakage site was repaired 3 days after surgery, and the wound healed well thereafter. A complication occurred in patient #3 due to microsurgical failure. The recipient vessels for this patient were not optimal due to previous radical neck dissection and radiotherapy. Although a good pulsating artery was used, arterial flow was not detected on day 2 after the operation. This resulted in necrosis of the flap, and a pectoralis major flap was performed subsequently. Hematoma in patient #5 resulted from the release of a tie at the branch of an external jugular vein. Lastly, a complication in patient #9 resulted from wound dehiscence at the previously irradiated neck flap. Neither salivary leakage nor flap necrosis was noted, and the dehiscence healed well after revision. Fistula formation in patient #14 occurred 14 days after surgery. We noted that partial necrosis of the flap led to saliva leakage, which eventually resulted in fistula formation. Table 4 shows the rates of fistula/leakage, infection, hematoma/bleeding, wound dehiscence, and flap necrosis in the two groups. The only complication that showed a statistically significant difference between the groups was infection. As listed in Supplemental Table 1 , the following criteria were used to determine surgical infection: a wound with clinical suspicion of infection with 1 or more positive cultures and 3+ neutrophils that were not associated with contaminant flora. The evaluating clinician was also required to agree with the criteria. Patient #15 (non-suction group) had an erythematous lesion with foul discharge that cultured positive for MRSA. This delay in wound healing eventually required salvage surgery to cover the infection site. Patient #16 also developed dehiscence due to MRSA infection. Even after multiple revision attempts, the wound did not heal. In addition, poor oral hygiene delayed wound healing, and the patient eventually underwent salvage surgery to repair the wound. Patient #14 presented with delayed onset of fever and clinical suspicion of infection, but a culture was negative. Therefore, this patient did not meet the criteria for infection.
DISCUSSION
Improved diagnostics, surgical methods, advancements in microsurgical techniques, and knowledge of flap anatomy have allowed more patients to receive head and neck reconstructive surgery, while also improving the overall free flap survival rate [1] [2] [3] . Nonetheless, these advances have not yet reduced the rate of fistula formation, and fistula treatment remains conservative [10, 12] . Recently, in an attempt to preserve speech and swallowing functions, an organ preservation protocol that includes concurrent chemoradiotherapy has been performed preoperatively and postoperatively. This practice has in fact increased the number of recurrences, and raised concerns among reconstructive surgeons due to the increased rate of flap failure and fistula formation [2, 20] . Additionally, the introduction of robotic and endoscopic surgery has further complicated reconstruction due to poor visibility when insetting the flap. Robotic neck dissection uses a rhytidectomy incision without a mandible sling, which is a step forward in the aesthetic aspect; however, it compromises visibility when insetting the flap during reconstruction. Although no wide-scale analysis has been conducted of the effects of chemoradiotherapy and robotic dissections on the flap failure rate, fibrosis caused by irradiation and recurrent operations may contribute to friable vessel patency.
Previous studies reported that the institution type, flap choice, and surgical method did not affect the incidence of fistula formation or the incidence of secondary complications arising after fistula formation. Problems such as delayed wound healing, vessel patency issues, longer hospital stay, and carotid artery rupture have been reported to occur after fistula formation [4, 6, 8] . Preventive measures include a novel suture technique and double folding of the flap [2, 3, 12] . In addition to preventive surgical techniques, primary care measures, including the insertion of a Montgomery salivary stent and L-tube, have been reported [7, 8, 14, 21] . We observed that saliva pools on surgical wounds after head and neck reconstructive surgery. We speculated that this occurs because patients are supine for some time after surgery, and the supine position provides reservoirs for saliva to collect in the mouth floor, retromolar area, and hypopharynx area. Past studies and clinical observations have shown that saliva leaks even when surgical sutures are flawless. It has been suggested that fistula formation can be predicted by measuring amylase levels in the neck drainage fluid [22] . Although amylase levels between the two groups were compared, their difference was not statistically significant. This may have been because the elevation of amylase levels is affected by not only fistula formation, but also by other complications, such as flap necrosis and wound dehiscence. Saliva pooling occurs due to collapse of the esophagus after reconstruction and/or oropharyngeal edema. After reconstruction, a tongue with edema may retrude and obstruct the oropharynx. To prevent pooled saliva from causing wound problems, successful removal of saliva during the early recovery phase after an operation is essential.
Fistula formation is not confined to the hypopharynx and larynx [4, 5, 12, 23] . We observed that fistula formation could occur wherever there was stagnant saliva. Pooled saliva can leak through wound margins in the oral area and/or hypopharynx. Even after tongue reconstruction, the retromolar area can serve as a salivary reservoir, which may delay wound healing and lead to fistula formation. Therefore, the oral cavity and hypopharynx are the two anatomical locations that must be considered to effectively remove salivary reservoirs, which is why the suction system was applied to these areas in this study. We used a continuous suction tube with multiple eyelets, as tubes with 1 or 2 eyelets are easily clogged, leading to ineffective suction. The eyelets of the Hemovac tube were placed within the nasal or oral cavity since exposure of eyelets would lower the negative pressure gradient, thereby making the system ineffective.
Although the oral and pharyngeal tubes could have been connected directly to the wall suction bottle using an extension tube, we connected them to a Hemovac evacuator container between the tube and wall suction bottle, since the container allowed the system to run at a minimal suction power while maintaining negative pressure throughout the tube. Too much suction power must be avoided, since it could cause the flap to become too cold. By irrigation with distilled water or saline, the proper functioning of the suction system could be evaluated. Tubes placed in the pharyngeal setting tend to clog easily, as the nasal mucosa produces a large amount of secretions. Routine irrigation of the tube prevented this clogging problem.
Once a wound problem arises, necrotic tissues and pooled saliva may exacerbate wound problems by delaying healing. Such a delay may cause the wound to deteriorate further through a nosocomial infection. Continuous suction allowed frequent irrigation to maintain good oral hygiene. The comparison between the two groups in this study showed that the continuous suction system not only eliminated pooled saliva but also promoted wound healing by allowing good oral hygiene to be maintained. Attention to oral hygiene is often neglected due to difficulties in implementation; however, this system enables the simple maintenance of oral hygiene to minimize the risk of gingivitis, mucositis, and surgical site infection, thereby decreasing the risk associated with fistula formation.
During a mean follow-up period of 9.2 months in the suction group, fistula occurred in two cases. In the rest of the patients, the wounds healed well, although we performed secondary surgery due to vessel failure and hematoma. In the two patients with fistula, the fistula occurred due to partial necrosis of the flap. After revision, a continuous suction system was applied, and the wound healed without any complications. We noticed reduced saliva pooling and an improvement in wound healing, even in patients who underwent secondary surgery. This is in contrast to one patient in the non-suction group who did not heal after multiple rounds of salvage surgery. After subsequent attempts to repair a failed flap, surgical site infection occurred and eventually resulted in rupture of the carotid artery (patient #1 in Supplemental Table 2 ). Infection and fistula formation after failed primary surgery predispose the vessel to salivary leakage. Less leakage of saliva may be an essential consideration since saliva may cause fatal complications, such as carotid blowout syndrome, in some cases [1, 3, 9, 15, 24] . Although the application of an easy-to-place suction system does not itself prevent fistula formation, our study showed that it did promote good hygiene and lowered the surgical infection rate. Future prospective studies with a larger number of cases would further elucidate the effectiveness of applying this system.
Our study was limited by the small number of patients evaluated, as well as the short follow-up period. In addition, fistula formation confined to pharyngectomies and laryngectomies should be analyzed. Although placing a tube in the mouth and nose may cause some discomfort to the patient, our study showed that applying the system for a short period after surgery in patients with previous wound problems may be beneficial, and that it prevented delays in wound healing. The application of a continuous suction system with timely irrigation was effective in removing saliva and maintaining oral hygiene.
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